Objective: To investigate repetitive stimulation of the long thoracic nerve as a reliable and technically undemanding method for evaluating respiratory muscle function in myasthenia gravis. Methods: 15 patients with myasthenia gravis and positive single fibre electromyography had repetitive stimulation of the long thoracic nerve together with serratus anterior recordings. There were 20 normal controls. Results: Eight patients with respiratory symptoms all had abnormal results, with an increased response decrement. These patients required intensive monitoring and supplemental oxygen. The remaining seven cases with no respiratory symptoms all had negative studies. Conclusions: This is a simple well tolerated method that shows good correlation with respiratory symtoms and management requirements in myasthenia gravis. It can alert the physician to serious respiratory complications in this disease.
I
n myasthenia gravis, respiratory and bulbar weakness are major concerns of the attending physician. Respiratory failure is a potentially reversible complication, and prompt specific treatment can prevent its onset. 1 2 However, reliable noninvasive assessment of respiratory muscle function in myasthenia gravis can be difficult in view of the inherent problems of facial weakness, effort related changes, and artefacts. A previous study employing repetitive phrenic nerve stimulation found a poor correlation with respiratory symptoms. 3 In our experience, repetitive phrenic nerve stimulation can be technically challenging, particularly in obese subjects with a low pain tolerance. In the present study, we evaluated the use of repetitive long thoracic nerve stimulation using serratus anterior recordings. Our aim was to find an alternative, reliable, and technically less challenging method for evaluating respiratory muscle function in myasthenia gravis.
METHODS
We carried out a prospective study on 15 consecutive patients referred for electrophysiological assessment of myasthenia gravis over a nine month period. Most had been admitted for hospital treatment. Twenty normal controls were studied for comparison, with their informed consent.
All patients had stimulated single fibre electromyography (SFEMG) of the orbicularis oculi and repetitive nerve stimulation using nasalis, trapezius, and abductor pollicis recordings.
For SFEMG studies (done by YLL), the stimulation technique employed a Teca disposable monopolar needle (Teca Co, Old Woking, Surrey, UK) placed 3 cm away from the edge of the orbicularis oculi. Stimulation pulses of 0.01 ms at 10 Hz and 5 to 12 mA were given. A Dantec 40 mm 13K87 needle (Dantec Co, Skovlunde, Denmark) was inserted at the edge of the muscle for single fibre recordings. The amplifier frequency range setting was 500 to 10 kHz. Single fibre responses were selected on the basis of short rise times (< 300 µs), clear separation from other discharges, and a stable waveform. Mean jitter was calculated from 20 acceptable single fibre responses. 4 All SFEMG studies were carried out on a Dantec Keypoint EMG machine. Based on our laboratory normal values, the upper limit for mean jitter was 23 µs.
Repetitive nerve stimulation was undertaken by a member of the technical staff blinded to the clinical features of each patient. Surface stimulation and recordings were made with Medtronic 9013S0241 disposable adhesive electrodes (Medtronic Co, Skovlunde, Denmark). Studies were done using a Dantec Keypoint EMG machine with amplifier filter frequencies set at 10 to 5 kHz. Ten single square wave pulses of 0.3 ms duration at 3 Hz were used for each stimulation run. Surface temperature was kept at 32°to 34°C. Automated decrement calculation of baseline to negative peak amplitude between the first and fourth compound muscle action potential (CMAP) was recorded. Each patient and control had five runs for each muscle recording to obtain a final averaged decrement percentage. After the first stimulation run, the patient was instructed to maintain 15 seconds of maximal muscular contraction. Postexercise stimulation was done to exclude the presence of an incremental response.
Repetitive stimulation of the long thoracic was carried out with the patient in a comfortable supine position. A similar adhesive electrode was placed over the sixth rib at the mid-axillary line. The reference electrode was placed over the same rib medially at the anterior axillary line. Stimulations using Dantec 9013L0221 bipolar electrodes were made near Erb's point, lateral to the clavicular head of the sternomastoid. 5 The electrodes were held firmly and directed posteriorly to avoid phrenic nerve stimulation. An assistant was present to steady the neck and ipsilateral arm. The subject was instructed to hold his breath in mid-expiration during stimulation.
Square wave pulses 0.2 to 0.3 ms duration at 15 to 25 mA were given to elicit supramaximal responses. Automated decrement calculations were made as for other muscles. The clinical and electrophysiological findings were correlated at the end of the study.
RESULTS
All patients and controls tolerated the procedure well. In the control group (mean age 49 years, range 15 to 76; 12 women, eight men), the mean (SD) latency for long thoracic nerve stimulation was 3.8 (0.32) ms. The mean amplitude was 2.7 (1.1) mV. In the patient group (mean age 46 years, range 16 to 73; nine women, six men), the mean latency and amplitudes were 3.5 (0.4) ms and 2.6 (1.2) mV, respectively. All patients had positive SFEMG studies.
In the control group, repetitive long thoracic nerve stimulation yielded a mean decrement of −1.2 (4.1)%. Thus a decrement of −9.4% (2 SD) was chosen as the lower limit of normal. For other muscles, a repetitive nerve stimulation decrement above −8% between the first and fourth negative peak amplitudes was considered abnormal. 6 Eight patients had symptoms of dyspnoea, orthopnoea, and reduced effort tolerance. All these had abnormal repetitive long thoracic nerve stimulation. In three, this was the only abnormal finding among the repetitive nerve stimulation tests carried out. All eight cases needed intensive monitoring and supplemental oxygen. Cases 4 and 8 eventually required artificial ventilation. However, a forced vital capacity below 1 litre was documented in only six of these eight patients (cases 1, 3, 4, 6, 7, and 8).
The remaining seven cases with no respiratory symptoms all had normal repetitive long thoracic nerve stimulation and only required symptomatic pharmacological treatment.
Acetylcholine receptor antibodies were positive in cases 2, 4, 8, 11, 12, and 14.
All the results are summarised in table 1. Figure 1 shows actual recordings in a patient and a normal control.
DISCUSSION
Though it has been used as a test of respiratory involvement in myasthenia gravis, repetitive stimulation of the phrenic nerve has several drawbacks, including poor patient intolerance, technical difficulties, pseudofacilitation, and ECG artefacts. The serratus anterior is regarded as an accessory muscle of respiration 7 and has also been shown to fatigue in myasthenia gravis because of impairment of neuromuscular transmission. 8 In our experience, repetitive long thoracic nerve stimulation lacks the specific problems encountered in phrenic nerve stimulation, and this made it a suitable test for evaluation in our study.
The results of our long thoracic nerve conduction studies in the controls and the patients are comparable with those in a previous report. 9 SFEMG, generally acknowledged as the most sensitive technique for studying neuromuscular transmission, 10 11 was used as the gold standard for comparison. It is, however, a more invasive, time consuming, and technically demanding method than repetitive nerve stimulation. The latter is a simple technique for demonstrating a neuromuscular transmission defect 12 and is especially sensitive in proximal 13 and clinically weak muscles. 14 15 Seven of our 15 patients had a thymoma, and all of these either had generalised weakness or respiratory symptoms. Two eventually needed artificial ventilation. As in other series, the presence of a thymoma was associated with more severe disease and a worse outcome. [16] [17] [18] In our experience, it is this group of patients in whom particular vigilance is needed in case they develop severe respiratory complications. The results of repetitive long thoracic nerve stimulation in our series showed a good correlation with respiratory symptoms and management requirements (respiratory function monitoring and support).
Various difficulties encountered in using respiratory function tests in myasthenia gravis include poor patient cooperation, facial muscle weakness, and lack of correlation with clinical status. 19 However, early detection of respiratory compromise is important in the management of this disease. We have demonstrated a simple, well tolerated, and accurate method for this purpose and advocate its use in alerting the physician to the possibility of serious respiratory complications. 
